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10 independent DNA injections, 11 different lines carrying the
transgene (Bi-noggin) were generated and bred. To generate
mice that express noggin in the SVZ zone, we crossed Bi-
noggin mice with nestin-rtTA mice and double transgenic
animals (F1 to F3) selected for further studies. The nestin-rtTA
transgenic mouse contains the tetracycline transactivator (rtTA)
under the control of the CNS specific second intronic enhancer
of the nestin gene fused to the h-galactosidase coding
sequence. Double transgenic mice were treated with doxycy-
cline to specifically induce noggin in nestin expressing cells in
the SVZ. The goals our studies are to determine the role of
noggin in: maintaining a neurogenic environment in the SVZ
stem cell niche, the effects of noggin overexpression during
embryonic development, and its role in repair following injury.
Supported by NIH grants NS-048187.
doi:10.1016/j.ydbio.2006.04.097
80
Neurogenin 1 expression in mouse embryonic stem cells
produces growth factor-sensitive neural progenitors
Matthew Velkey, Sue O’Shea
University of Michigan, Ann Arbor, MI, USA
Delineating the cascades of growth and transcription factor
expression that shape the developing nervous system will
improve our understanding of its molecular histogenesis and
should also suggest strategies for cell replacement therapies
and approaches to control the ectopic neurogenesis that
contribute to neuropathology following injury. Despite the
relative complete understanding of the basic histogenesis of
the nervous system, the precise cascades of growth factors
and transcription factors required in neural cell fate determi-
nation are largely unknown. In the current investigation, we
have exploited the essential pluripotentiality of embryonic
stem cells (ESC) to determine the ability of pulsed
expression of the neurogenic gene, Ngn1, to drive neuronal
differentiation. Transient Ngn1 expression in ESC was
sufficient to produce widespread neuronal differentiation –
even in the presence of LIF and inhibitors present in
serum? – and yielded both peripheral and central nervous
system phenotypes. Somewhat surprisingly, the induced cells
were sensitive to A-P and D-V patterning molecules
including retinoic acid, BMP4, noggin and Shh. Consistent
with current theories regarding neural induction, FGF
signaling was required in this process. The results of these
experiments establish inducible transgene expression in ES
cells as a powerful model to understand the role of bHLH
factors in neurogenesis, to tease out growth factor effects in
progenitor cell differentiation and potentially also provides a
source of primitive cells that could respond to local signals
to integrate successfully following injury. Supported by NIH-
NS 39438, DE-07057.
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Understanding embryonic brain response to injury has
become increasingly more important since abnormal brain
development has been linked to many neurological disorders.
We have analyzed the response of glial progenitor cells in a
novel embryonic chick brain injury model. A unilateral stab
wound injury was made in embryonic day 11 or 15 optic
tecta and the response was followed by analyzing the mRNA
expression of several specific markers. Two days after injury
histological defects such as lateral ventricular dilatation,
necrotic foci, periventricular cyst and intraventricular hem-
orrhage were observed at distance from the stab wound but
associated with the injured tectum. Expression of neuronal
and oligodendrocyte precursors markers are down-regulated
in the injured tectum, even far removed from the stab wound
site. In contrast, up-regulation of the mature astrocyte
marker, glial fibrillary acidic protein (GFAP), was observed
at the wound site, around necrotic areas and cysts, as well as
in normal embryonic expression areas for this marker at this
stage. The expression and distribution of GFAP in the
uninjured site maintained the normal pattern. Also, distribu-
tion and levels of radial glial markers such as BLBP and
GLAST were increased at the wound site and in the
ventricular zone of the injured tectum. By Northern blot,
up-regulation of cyclooxygenase-2 mRNA in the injured
tectum was also observed. In sum, these results indicate
unilateral up-regulation of ventricular zone precursors and an
inflammatory response occurs soon after injury in this
model.
doi:10.1016/j.ydbio.2006.04.099
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Wnt signaling controls proliferation and differentiation of
retinal stem cells in zebrafish
Jason R. Meyers, Lily Hu, Pamela A. Raymond
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The zebrafish eye contains stem cells at the retinal margin
that allow continual growth of the retina throughout the life of
the fish. The mechanism by which stem cells are reserved in
this niche during development and how proliferation and
differentiation are controlled is unknown. In other epithelial
stem cell niches, such as intestine, Wnt signaling maintains
cells within the niche in a proliferative state, and the absence of
Wnt signaling outside the niche permits differentiation. We test
the hypothesis that Wnt signaling promotes proliferation of
stem cells within the retina. Pharmacologic inhibition of
GSK3aˆ, mimicking activation of the Wnt cascade, when
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initiated prior to differentiation of the retina into its neuronal
and glial cell types prevents retinal differentiation and the cells
of the retina are maintained in a proliferative state as indicated
by PCNA and BrdU labeling. Similar inhibition of GSK3aˆ after
initial differentiation of the retina results in gross expansion of
the stem cell niche at the retinal periphery. In contrast,
inhibition of the Wnt cascade with dominant-negative TCF3,
preventing Wnt-mediated gene expression, results in depletion
of the stem cell niche and differentiation of the retina. Wnt2b is
broadly expressed in the retina when the progenitor cells are
proliferative but becomes restricted to expression in the retinal
margin after differentiation of the retina. We therefore propose
that Wnt signaling, likely mediated at least in part through
Wnt2b, is necessary for maintaining retinal progenitors in a
proliferative state both during initial development and within
the retinal stem cell niche.
doi:10.1016/j.ydbio.2006.04.100
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Retina regeneration requires crosstalk between FGF and
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The embryonic chick has the remarkable capacity to
regenerate a retina complete with all of the layers after it has
been completely removed. We have previously shown that
stem/progenitor cells present in the ciliary body (CB) of the
eye proliferate and give rise to a fully differentiated retina, and
that this regeneration can be stimulated independently by
fibroblast growth factor 2 (FGF2) or Sonic hedgehog (Shh). In
our current study, we show that both FGF2 and Shh signaling
are required during regeneration. If the FGF pathway is
inhibited with the FGF receptor (FGFR) antagonist,
PD173074, regeneration stimulated by Shh is inhibited.
Likewise, if the Hedgehog (Hh) pathway is inhibited with
KAAD, regeneration stimulated by FGF2 is inhibited. To
further characterize this relationship, we examined the early
signaling events in the ciliary body/ciliary marginal zone (CB/
CMZ). We found that both FGF2 and Shh are able to induce a
robust phosphorylation of the mitogen-activated protein kinase
(MAPK) extracellular signal-regulated kinase (ERK). Inhibi-
tion of either pathway led to a decrease in ERK phosphory-
lation. We show that both FGF and Hedgehog (Hh) signaling
are required for cell proliferation and cell survival, but only the
Hh pathway is required for maintenance of progenitor cell
identity in the CB/CMZ. Finally, we show evidence that
regeneration from the CB/CMZ in the embryonic chick
requires basal levels of both FGF2 and Shh, and that both
factors work through a common mechanism to stimulate retina
regeneration.
doi:10.1016/j.ydbio.2006.04.101
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Light-induced photoreceptor degeneration in wild-type
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The retinas of teleost fish contain stem cells with the
capacity to regenerate all retinal neurons or selectively
regenerate photoreceptors if only photoreceptors die. This
capacity makes the teleost retina an excellent model for
studying neuronal and photoreceptor regeneration. We
hypothesize that one source of the regenerative molecules
in the retina are dying photoreceptor cells. To address our
hypothesis, we modified a light lesioning paradigm devel-
oped in albino zebrafish, to specifically induce photoreceptor
degeneration in adult wild-type zebrafish. Light lesioning
will be coupled with laser capture microdissection of the
degenerating photoreceptors and microarray analysis of the
isolated transcripts. To characterize the nature and time
course of the injury, we evaluated changes in cell and
process specific markers. We observe a decrease in
photoreceptor specific immunoreactivity within 48 h of
treatment, suggesting photoreceptor degeneration. A con-
comitant increase in the number of cells undergoing
apoptosis is also observed. Remarkably, proliferation of
putative stem and/or progenitor cells within the retina is
observed after as little as 6 h of light exposure. This
lesioning paradigm combined with laser capture microdis-
section and microarray analysis will allow us to identify the
molecular cues that regulate regeneration in the zebrafish
retina.
doi:10.1016/j.ydbio.2006.04.102
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Unlike mammals, teleost fish have the ability to regenerate
retinal neurons. Intrinsic stem cells or Mueller glia residing in
the inner nuclear layer (INL) are cellular sources of
regenerated neurons. The molecules that initiate regeneration
are still unknown. In order to identify injury-induced signaling
molecules, a light lesioning paradigm to selectively kill
photoreceptors in the zebrafish retina was combined with
oligonucleotide gene chips. This analysis revealed several
known growth factors upregulated in lesioned retinas (Hitch-
cock et al., unpublished observations). One of these factors is
midkine B. The zebrafish genome encodes two midkines: A
and B (mdkA, mdkB). To begin to understand the function of
the two midkines, the cellular expression of these genes was
analyzed by situ hybridization in developing, mature, and
injured retinas. This analysis showed that at 30 h post-
fertilization (hpf) mdkA is expressed in cells of the retinal
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